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A statistical evaluation of viable count procedures utilized for obtaining treatment survival curve data for Bacillus subtilis NCTC 8236 spores is described.
Within the various recovery conditions tested, incubation on nutrient agar containing 1% dextrose for 48 hr at 37 C was found to promote the highest count of viable spores surviving a variety of bactericidal treatments involving gamma irradiation, heat, and chlorocresol. The count of viable spores on the medium was not significantly altered when the dextrose was added to the nutrient agar either before autoclaving or aseptically at 50 to 55 C from a solution sterilized by filtration. The volume of medium which promoted the highest count of viable spores was 20 ml per 85 mm of diameter in disposable plastic plates. Counts of viable spores were reproducible on successive batches of media. The carry-over of variable concentrations of chlorocresol into the medium from serial dilutions affected the count of viable spores. Spores in the aqueous stock suspension used for all experiments were uniformly distributed after shaking and did not diminish significantly in viability after 16 months of storage at 5 C. Grouping of indexes of dispersion, calculated from quintuplicate plate colony counts, indicated that the suitability of the viable count procedures, employed for the enumeration of spores surviving the various bactericidal treatments, tended to diminish as the level of spore inactivation exceeded 95%.
Bacillus subtilis spores have been reported to be resistant to inactivation by separate treatment with gamma irradiation, moist heat, or phenolic disinfectants (3, 9) . Accordingly, such spores were used as a convenient test organism for evaluating the bactericidal efficiency of the combined effect of these treatments. From observations on treatment survival curves, the effect of gamma irradiation on the rate of spore inactivation by heating in the presence or absence of a phenolic disinfectant was studied. However, before a reliable inference could be drawn from such survival curves, the suitability of experimental procedures, utilized for obtaining curve construction data, was established. This communication describes the evaluation of the experimental procedures. Spore inactivation or loss of viability was determined I Present address: Justus Liebig-Universitat, Giessen, Germany.
by the inability of the spore to form a visible and countable colony on a medium.
MATERIALS AND METHODS
The preparation and storage of the stock spore suspension of B. subtilis NCTC 8236, the dosimetry of the cesium-137 gamma irradiation facility, and the utilization of the heat source have been described (5) . The results are recorded in Table 5 . A significant difference was noted between the mean colony count of the spore suspension containing no chlorocresol and the mean colony count of each of the spore suspensions containing decreasing concentrations of chlorocresol, except where the carry-over concentration of chlorocresol was 0.0002%.
It was desirable to follow the inactivation of spores treated with chlorocresol through several log cycles of the surviving fraction if necessary and yet to minimize the chlorocresol carry-over effect. In all such experiments, the spore suspension initially had a high total count of viable cells and the appropriate serial dilutions used for the enumeration of surviving spores were adjusted to contain 0.002% chlorocresol.
Distribution and viability of spores in stock suspension. To test whether the distribution of spores in the suspension could be rendered uniform, 10 samples were withdrawn at intervals from the suspension immediately after dispersal of sedimented spores by shaking and subjected to an equivalent viable count procedure. The colony count data are recorded in Table 6 and the analysis of variance of these counts is recorded in Table 7 . The variance ratio test showed that the between-samples mean square was not significantly different from the within-samples mean square. It was therefore assumed that the observed variances in the colony count on quintuplicate sets of plates were adequate to account for the observed variance between mean colony counts and hence that the distribution of spores in the stock suspension was uniform. The spore suspension was stored for 16 months at 5 C, and during this period samples of the suspension were used in experiments on the rate of spore inactivation by various bactericidal treatments. Colony counts obtained from the suspension by equivalent viable count procedure at the beginning and end of the period are recorded in Table 8 . The mean colony counts were compared, and no significant change in the viability of the spores in the suspension was detected.
Overall assessment of the suitability of the viable count procedures. Samples of stock spore suspension and the viable count procedures, adopted as the result of the evaluation described in this communication, were used in an extensive series of experiments on the influence of gamma irradiation on the rate of spore inactivation by heating in the presence or absence of phenolic disinfectants. The 232 indexes of dispersion calculated from the quintuplicate plate colony counts performed in these experiments were used for an overall assessment of the viable count procedures employed. The method described by Fisher et al. (6) was used for comparing the distribution of these indexes of dispersion with the hypothetical distribution. Since the goodness-of-fit is recorded in Table 9 459 VOL. 20, 1970 on October 26, 2017 by guest http://aem.asm.org/ Downloaded from and is only slightly unsatisfactory, it indicated that the viable count procedures used in these experiments were suitable for obtaining reliable mean colony counts.
In an attempt to trace why better agreement with the hypothetical distribution was not obtained for the total grouping of the indexes of dispersion, the 232 values were further analyzed. Table 10 records that the goodness-of-fit of the 60 indexes of dispersion, obtained from plate counts in the experiments performed in the absence of phenolic disinfectants, was satisfactory. The level of spore inactivation in such experiments rarely exceeded 95 %. Table 11 records the unsatisfactory goodness-of-fit of the remaining 172 indexes of dispersion, obtained from plate counts in the experiments performed in the presence of phenolic disinfectants and in which the level of spore inactivation regularly exceeded 95 %.
Jordan and Jacobs (7) noted an unsatisfactory goodness-of-fit of indexes of dispersion from replicate plate counts when Escherichia coli was exposed to phenol. Berry and Michaels (2) observed an unsatisfactory goodness-of-fit for the distribution of indexes of dispersion from counts on sets of replicate roll-tubes when E. coli was treated with disinfectant, although indexes of dispersion obtained from counts on sets of replicate roll-tubes not treated with disinfectant showed satisfactory agreement with the theoretical distribution.
A possible explanation for the unsatisfactory goodness-of-fit in Table 11 is heterogeneity in the viability of B. subtilis spores under the recovery conditions provided after surviving treatment with phenolic disinfectants. This suggestion is supported by the findings of Jordan and Jacobs (7), who observed that 75 % of excessively discrepant sets of plates occurred among the counts where the inactivation level was greater than 95% and where viability of surviving organisms on the medium might be expected to be more variable.
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